Background: For establishing identity, sex and stature are important parameters in medicolegal examination. It becomes difficult to identify the deceased, when extremely decomposed and mutilated dead bodies with fragmentary remains are brought for postmortem examination. Sometimes, cephalo-facial remains are brought in for forensic examination. In such a situation, sex determination and stature estimation become equally essential along with other parameters like age and race. Aim: The present research attempts to determine sex and estimate stature from various six maxillofacial anthropometric measurements in Egyptian individuals. Participants and methods: The study was prospectively conducted from the start of September 2016 to the end of October 2016 in the Department of Forensic Medicine, Faculty of Medicine MUST University. A total of 227 healthy participants were Egyptian medical students and members of the university, comprising 118 males and 109 females, in the age group of 18 to 40 years. The height of all subjects was measured by an anthropometric rod, and facial measurements were taken using a sliding caliper. Data were subjected to statistical analysis like Indices of separation (d/s) and the probability of correct sex determination, Karl Pearson's correlation coefficient (r) and multiple regression analysis was done to calculate the best equation in the determination of sex and estimation of stature. Results: The average height of males and females was 171.6 ( 6.3) cm and 159.2 ( 5.7) cm respectively. The results showed that the differences between all male and female variables exhibited statistically significant differences (P < 0.001). Also, it indicated that all the maxillo-facial measurements were positively correlated (p < 0.001) with stature. Conclusions: Maxillofacial measurements were significantly related to gender and higher in males. Also, the use of measurements in stature estimation calculated by regression analysis was successful. So, we can conclude that regression models generated from facial measurements can be a supplementary approach for the prediction of sex and estimation of stature when extremities are not available.
INTRODUCTION
For establishing identity, sex and stature are crucial elements in forensic examination either in the living or dead. Highly decayed bodies or fragmentary remains may be subjected to medico-legal investigation (Ozaslan, et al 2003). Body parts exhibit constant ratios in relation to the stature. The body parts correlation with statue are age, sex and race dependable (Jantz and Jantz, 1999; Williams et al., methods, for the purpose of sex and stature estimation from body parts. Thus, it has been generally concluded that the regression analysis offers a better solution for sex determination and stature reconstruction. (Krishan, 2008a) .
The improvement of models to predict sex and stature from anthropometric data in different ethnic groups are necessary because there is a great need for population-specific studies on stature estimations (Celbis and Agritmis, 2006). Considering this fact, there is a demand for maxillo-facial anthropometric measurements from this area.
AIM OF THE STUDY The current research designed, to determine sex and estimate stature of Egyptian individuals by measuring six maxillo-facial variables with the help of regression function analysis.
MATERIALS & METHODS Ethical Approval
In order to carry out this study, ethical approval was obtained from the Ethics Committee of the Medicine College at MUST. (Misr University for Science and technology).
Oral Consent First, the measurements procedures and the research purpose were explained to the participants through conversation, and they were free to accept or refuse. All participants received a guarantee of preservation of their personal information, anonymity throughout the measurements and the right to withdraw, at any stage for any reason.
Study Design
The current study was a prospective cross-sectional study, conducted on 227 medical students and members (doctors and employee) of the university.
The study was accomplished at Misr University for Science and Technology during the study day, and measurements were performed at the forensic department, Faculty of Medicine. It was a prospective study lasted two month period (from the first of September 2016 to the end of October 2016). For the purpose of eliminating differences, as a result of diurnal variation, the three authors took the whole measurements two times (in the same manner and under the same settings) at a fixed period between 12 to 3 pm. The mean value was recorded as a final measurement.
Study population
The participants randomly selected were in the age group between 18 and 40 years, included 118 adult males and 109 adult females. Exclusion criteria included past and present maxillofacial injuries, head deformities or facial scars. Healthy people only without physical bodily deformity were enrolled into the research study.
Study tools
The stature measurements were performed with the aid of manual anthropometric rod attached to the weight scale. The six maxillofacial measurements were obtained by the use of the sliding digital caliper to the nearest 0.1 cm without ruling out soft tissue thickness (permissible error of 1 mm).
Anthropometric measurement protocol:
The participant was asked to stand barefoot in the erect posture on the flat base of the weight scale with her\his heels together.
The head oriented in the Frankfurt Horizontal Plane (The anatomical skull position, based on a path passing through the lower margin of the orbit and the upper margin of external auditory meatus). Also, the participant was asked to stretch upward to the fullest extent, the person's back must be as straight as possible. The anthropometer bar transverse arm is dropped down on to the person's head. Then, the measurement was taken as the vertical distance between the vertex to the flat base of the weight scale in centimeters. The six maxillo-facial measurements were recorded for each participant. The entrants were in a relaxed sitting position, with the head in the anatomical plane. The whole measurements were taken according to the landmarks and procedures. (Lohman et al., 1988, Ulijaszek and Kerr 1999; Hall et al., 2003 and Krishan, 2007) Landmark points used in measuring ( Fig. 1):  N-Nasion: the midpoint of the nasofrontal suture;  Sn--Naso-spinal is the point where the line drawn between the inferior margins of the right and left nostrils intersects the midsagittal plane (Point of the nasal septum and the upper lip Junction).
 Gn -gnation: the lowest median point on the inferior margin of the mandible.
 Zygion: the maximum lateral point on the zygomatic arch. Vertical Parameters (Table 1) :
It is the straight vertical distance between the root of the nose (nasion) and the lowest point on the inferior border of the chin in the midsagittal plane (gnathion). The fixed end of the caliper was positioned at the person's gnathion, and the movable end was relocated and placed on the nasion. The subject should be looking straight ahead. (also called total facial height =TFH).
2-Nasal height (NH): The vertical straight distance between the Nasion and the Nasospinale.
3-Physiognomic ear height: It was standardized dimension from the upper aspect (supra-aurale) of the external ear to its lower aspect (sub-aurale).
Horizontal Parameters (Table 1) : 1-Nasal breadth: It is the distance between the two most lateral points of the ala nasi.
2-Physiognomic ear breadth; It is the maximum width, measured from the front aspect (pre-aurale) to the backside aspect (post-aurale) of the external ear.
3-The bizygomatic breadth of the face: it is the horizontal distance between the two zygomatic prominences (zy-zy). (Also called maximum facial breadth (MFB)).
After palpation (by fingers) to locate the most lateral point of the zygomatic arch (arcus zygomaticus) on both sides of the face, both ends of the digital spreading caliper were placed at these points, with sufficient pressure to feel the bone under it. The caliper was then slightly moved up and down until the maximum value indicated. (Weiner and Lourie, 1981; Williams et al. 2000; and Krishan and Kumar, 2007) . 4. Karl Pearson's correlation coefficient (r) were analyzed to know the relationship between stature and the maxillofacial measurements.
5. In order to increase the degree of separation as much as possible, some of the variables were combined with multiple regression. This was done, both using all Egypt J. Forensic Sci. Appli. Toxicol.
Vol 19 (2), June 2019 the measurements on any one individual measure and by using a single measurement on all the different items.
To predict the stature of the subject multiple logistic regression analysis was done to calculate the best equation in the estimation of stature.
RESULTS

Gender-based Descriptive statistics:
The study entails of 227 healthy participants consisting of 118 males and 109 females. Table ( 2) represents the descriptive statistics for the six data measurements (means, standard deviations, the value of stature and maxillo-facial anthropometric measurements and t-test of the adult males and females.
Anthropometric measurements and Gender determination results:
In the sample, the average height of the males and females was 171.6 ( 6.3) cm and 159.2 ( 5.7) cm respectively. The findings displayed that the differences between all male and female variables exhibited statistically significant differences (P < 0.001). Also, measurements were significantly higher in males as compared to females. (Table: 2) By using Indices of separation (d/s) and the probability of correct sex determination p (CSD) produced by regression analysis for each of the six measurements, it was found that best measurement for sex determination was ear breadth. Coming next was nasal breadth then ear height and nasal height with the same rank, maximum facial breadth, and morphological facial height respectively in order. (Table: 3)
Moreover, by using regression analysis, it was found that there were four regression models for different measurement in sex determination as shown in Table ( Table (5) showing the comparison of correlation coefficient (r) value of different variables with stature. It was found that morphological facial height and bizygomatic facial breadth were the highly correlated parameter to stature estimation in males. While the morphological facial height and nasal height showed the highest correlated parameters in females.
The regression equations for stature estimation in males and females were derived and shown in Table (6) & (7). Multiple equations were generated using more than one facial parameter. Thus, there was a crucial necessity to explore whether any possible significant correlation exists between stature and maxillofacial anthropometric measurements. Considering this fact, the existent study aimed to determine sex and estimate stature from maxillofacial measurements in a sample of Egyptians. In an attempt to provide regression equations that are particular for Egyptian people to be used whenever stature reconstruction is needed as a means of human identification in cases of disasters for victim profiling.
The findings of the current study showed that there was a statistically significant difference between all male and Egypt J. Forensic Sci. Appli. Toxicol.
Vol 19 (2), June 2019 female variables, where, the whole measurements were significantly higher in males than females. Moreover, the correct sex determination was best done using ear breadth and nasal breadth. The regression model used the nasal breadth, morphological facial height, and ear height with high success rate.
The present findings could be explained by sexual dimorphism, which usually relates to the differences in morphology (size and shape), physiology and behavior between both sexes. Significant gender differences pervade human anthropometry from the chromosomal elements that dictate phenotypic expression, to the apparent differences in anatomical structure and adipose tissue distribution. (Byers, 2005)
In forensic anthropology, morphological and metric differences are beneficial for sex determination. Differences in size, shape, and skeletal robusticity display a degree of sexual dimorphism. These differences reflect the fact that females are smaller, less muscular and more gracile, while males usually have more muscle mass. Also, these findings explained that the overall size of female faces is smaller than males. However, methods based on morphometry are more objective and accurate than the morphological methods, therefore can be used in the sex determination to limit the probability of identification to 50% There are substantial works of literature that describe sex determination by the anthropometric method in diverse regions of the world. These studies described a significant difference in size of the skull among both sexes, and therefore all discriminant function models for sex assessment were population-specific By Comparing the present results with those of Sagar and Nath (2014), who conducted a study on Jatavs population of Delhi and using the same sliding caliper, it was found that Jatavs males exhibit greater dimensions for nasal breadth, head length, and head breadth than the females. This was consistent with our results. However, in contrast to the present study, the remaining measurements as nasal height and ear length, the females have greater dimensions. Also, it was observed that the sex difference was significant only for the head breadth and ear Length whereas the remaining measurement exhibited nonsignificant sex difference.
In the light of the current findings, regarding stature estimation and by comparing correlation coefficient (r) values for the whole measurements, results revealed that morphological facial height and bizygomatic facial breadth in males and together with nasal height in females were the highly correlated parameters to stature.
This correlation could be explained on the ground that the local epigenetic factors, such as the brain growth, genetically control and determine the growth of the skull (related to the maxillo-facial measurements).
Moreover, these measurements are varied from one person to another due to several factors such as age, sex, ethnicity, nutrition, environmental The current findings are supported by Pelin et al., (2005) , who observed that out of 14 measurements, only three cephalofacial variables such as horizontal head circumference, nasal width, and morphological facial height observed as significant predictors for stature estimation among males in agreement with the current study except for the nasal height for males. While among females, the stature was best calculated by morphological facial height, bizygomatic facial width, and horizontal head circumference in descendant order. These are similar to the current results which revealed that morphological facial height (MFH) and bizygomatic facial breadth in males together with nasal height in females were the highly correlated parameters to the stature.
In contrast, earlier research by Kumar and Chandra , (2006), studied stature estimation by using facial variables and discovered that the highest correlation with bigonial breadth. They noted that Total Facial Height (=MFH) coming next in rank after bigonial breadth, but it was still a useful parameter to estimate stature as in the present study.
Krishan and Kumar, (2007), calculated regression formulations for assessment of stature from cephalo-facial measurements in adult males in north India. They observed that horizontal head circumference, maximum head height, and maximum head width give a better prediction of stature. The highest correlation coefficient is exhibited by maximum head length and the lowest by the morphological facial length in contradiction with the results of the present study where morphological facial height (MFH) showed higher correlation coefficient, but we did not corporate horizontal head circumference in our study measurements nor maximum head length. In their study, a separate equation for each cephalo-facial dimension was calculated, while we used multiple parameters for each model.
In Sri Lankans, a similar study using a digital sliding caliper designed to investigate the relationship between the cranial length and breadth, with the stature (Ilayperuma, 2010). In agreement with the present study, significant correlations between cranial dimensions and stature were observed, and linear regression equations for the calculation of stature were also formulated.
Similar findings to the current research were documented by Krishan ( Their studies also demonstrated that morphological facial height (TFH) is a better parameter in males than nasal height whereas NH is a better parameter than TFH in females for estimation of stature, while in the current study morphological facial height was highly correlated in both sexes and nasal height was second in rank in the female group. The environmental, climatic or Egypt J. Forensic Sci. Appli. Toxicol.
Vol 19 (2), June 2019 ethnic variation could be blamed for this difference.
In agreement with the present study, another research in central India provides anthropometric correlation of maxillofacial dimensions with stature and also develops regression formulations for stature reconstruction. The findings showed that the average height of males and females were similar to our study values. Also, it was observed that in males the morphological facial height had a more significant correlation with stature. In females, nasal height had a more significant correlation with stature in agreement with the current study results, but there was a separate equation for each maxillofacial parameter (Wankhede et al., 2012).
In accordance with the study results, Navaei et al., (2018), recorded same three maxillofacial measurements (bizygomatic facial breadth, morphological facial height and upper facial height (equal to nasal height) in medical students from Tehran University. They found that the mean values in males were higher than females. As well, there were significant correlations between stature and all three measured variables in all subjects, males and females.
Ultimately Stature and sex can be predicted from different body measurements by using statistical models. The improvement of models to predict sex and stature from anthropometric data in different ethnic groups are necessary because there is a great need for population-specific studies on stature estimations.
Forensic scientists and anthropologists can use from these findings to identify cases which just their remains are head, face or skull in Iranian population. (Celbis, and Agritmis, 2006) CONCLUSION From the finding obtained some conclusions can be drawn as maxillofacial parameters are significantly related to gender and are higher in males. Also, stature can be predicted from numerous maxillofacial measurements similar to stature calculation from other human body parts. Thus we can infer that, when extremities are not available, regression equations produced from maxillofacial dimensions can be a supplementary approach for the stature estimation.
RECOMMENDATIONS
Studies on a larger scale are recommended to verify whether the maxillo-facial measurements can be used for correct sex and stature determination in Egypt. The population based, gender, and age-specific regression models proposed will be of immense practical use in medico-legal, and anthropological studies if proved effectiveness
LIMITATION OF STUDY
It must be kept in mind that the exact estimation of stature from maxillo-facial dimensions may be unattainable; there would always be an approximation inaccuracy of a few millimeters. Also this study has been conducted in Egypt that is of the same ethnic group. Therefore these formulae cannot be used on other populations of the world with a different racial group ACKNOWLEDGMENT Special thanks and sincere gratitude to Dr. Maxeem Zaher (demonstrator of Forensic Medicine and Clinical Toxicology at Misr University for Science and Technology for his tremendous and honest effort for help in measurement and data collection. Also, we wish to thank all the faculty members, employee, and students for their participation and valuable time. 
